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ABSTRACT 



We discuss the A = 2 super W algebras from the hamiltonian reduction of afhne 

S2^ ■ Lie superalgebras y4(n|n — 1)^ ' and A(n|n)' ' . From the quantum hamiltonian 

"^ i reduction oi A{n\n — 1)^ •' we get the free field realization of A = 2 CPn super 

-4— > , coset models. In the case of the affine Lie superalgebras y4('n.|n)^ -', the corre- 

O ; sponding conformal field theories do not have A ^ 2 superconformal symmetry. 

O . However we show that these models are twisted A ^ 2 C Pn models and may be 

i-G ' regarded as topological conformal field theories. 
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1. Introduction 

The H^-algebra symmetry^ in two dimensions plays a fundamental role in various 
integrable systems such as generalized KdV hierarchies and Toda field theories. In 
conformal field theories the W algebras provide an important class of chiral alge- 
bras and have been studied extensively^. A systematic construction of the H^-algebra 
associated with a simple Lie algebra is given by the hamiltonian reduction of the 
affine Lie algebra^'^. One of the recent developments in this direction is that super- 
conformal symmetries and their H^-extensions are also obtained by considering the 
hamiltonian reduction of a certain class of affine Lie superalgebras^. In particular, 
the H^-extension^"^^ of the N = 2 superconformal symmetry is an interesting sub- 
ject in view of its relation to topological field theories and the compactifications of 
superstrings. 

In previous papers^'^, the author has studied the quantum hamiltonian reduction 
of the affine Lie superalgebras A{n\n — 1)'-^^ and the Feigin-Fuchs representations of 
the N = 2 super W algebras, which characterize the N = 2 super CPn coset models 
constructed by Kazama and Suzuki^^ (see also ref. 7). Inami and Kanno^ observed 
that the classical N = 2 super W algebra appears also in the N = 2 super KdV 
hierarchies associated with the affine Lie superalgebras A(n\n)^^\ 

The purpose of the present talk is to explain why these different Lie superalgebras 
correspond to the same N = 2 super W algebra. We shall discuss the classical and 
quantum hamiltonian reduction of the affine Lie superalgebras A(n\n — l)*-^-* and 
A{n\ny^\ We will show that the conformal field theories associated with the affine 
Lie superalgebras A(n\n)^^\ are the twisted N = 2 CPn models. 

2. Lie superalgebras and their hamiltonian reductions 

2.1. Notations 

Denote by g a basic classical Lie superalgebra of rank r ^^. g = h © (©oeAga) 
is a root space decomposition of g. h is the Cartan subalgebra. The root system A 
of g is A° U A^, where A° (A^) is the set of even (odd) roots. A+ = A*} U A\_ is 
the set of positive roots of g, where A^ (^+) is the set of even (odd) positive roots. 
go = h © (©aGAogo) is an even subalgebra of g. gi = ©agAiga is an odd subspace. 
Po (pi) is half the sum of positive even (odd) roots and p is defined as po — Pi- h"^ is 
the dual Coxeter number of g. For an affine Lie superalgebra g at level k associated 
with g, we define a constant «+ = ^/k + K^ . In the following we shall discuss the Lie 
superalgebras A{'m\n) {h^ = m — n) in detail. 

2.2. The Lie superalgebras A{m\n) 

A Lie superalgebra sl{n + l|m + 1) may be represented by matrices 



X 



A a 



satisfying strX = tiA — trB = 0, where A and B are {n + 1) x [n + 1) and (m + 1) x 
{m + l) matrices with grassmann even elements and a and b are {n + 1) x [m + 1) and 
{m + 1) X (n+1) matrices with grassmann odd elements. The commutation relation 

(A, 



for two elements Xj 



IV VI I [^1,^2] +0162 -^2^ 

[Ai,A2j - 



5162 - biB2 + biA2 - &2^i 



1,2) is given by 

(2) 



01-82 — 02-81 + Aia2 — A2ai 



[Bi,B2] + bia2 - &2ai 



In the case of n = m, the identity matrix l2n+2 spans an ideal of sl{n + l|n + 1) 
and the Lie superalgebra A{n\n) is defined as sl{n + l|n + 1)/ < l2n+2 >• Even 
subalgebras of y4(n|m) for n 7^ m (n = m) are An® Am®u{l) {An® An). For A{n\n) 
it is convenient to use a pseudo-representation^^. Namely we take a representative 
of elements of A{n\n) in ([l|) such that iiA = tiB = 0, and modify the commutation 
relation like 

|[Xi,X2| = [X,,X2] - ^tr(ai62 - a2&i)l2„+2. (3) 

n + 1 

In contrast to the simple Lie algebras, there is a variety of choices of the simple root 

system of Lie superalgebras, which correspond to different Dynkin diagrams. In the 

case of r/i = n — 1 and n, we may take the simple roots as purely odd roots. For 

A{n\n — 1) they are given by 

a2i-\ = Ci- 6i, a2i = 6i- e^+i, i = 1, . . . , n, (4) 

where Cj {i = 1, 2, . . . , n + 1) and 6i {i = 1, . . . , m + 1) are orthonormal bases with 
positive and negative metric. Similarly the simple roots of A{n\n) are given by 
«!,..., a2n, «2n+i = ^n+i — (^n+i- The cvcu positivc roots oi A{n\m) {m = n,n — 1) 
are Ci — Cj {l<i<j<n+l) and 6i — 6j {l<i<j<m + 1). The odd positive 
roots are Ci — 6j (1 < "i < j < tti + 1) and Si — Cj {1 < i < j < n + 1) . In the matrix 
representation of the type ([^), we have the fundamental representation of g: 

Eei-Cj = Eij^l, Es-Sj = En+l+i^n+2+j, 

Eei-Sj = Ei^n+l+j, Es^-Cj = -C'n.+l+ij; (5) 

for positive roots. We define E_a = ^E^ for negative roots —a {a G A_|_). The Cartan 
elements are defined as a-H = [Ea, -E-a]. Instead of using (|), we can take a different 
representation^'®, in which the odd simple root structure is manifest: 

Esi-Ej = E2i-l^2j-l, Esi-Sj = E2i^2j, Ee^-Sj = -^21-1,2^, Es.-e^ = E2i^2j-1- (6) 

Note that in these expressions, A{n\n — 1) and A{n\n) have a structure similar to 
that of the simple Lie algebras A2n+i and A2n, respectively. 

The superalgebra A{n\m) has rank n + m + 1, but the rank of A{n\n) reduces 
to 2n due to the existence of the ideal. Moreover the root vectors are not linearly 
independent. In fact, from the relation J27=i l[-^a2i+i' -^-021+1 ]l — 0' "^^ have 

ai + as H h a2n+i = 0. (7) 



For both Lie superalgebras A{n\n — 1) and A{n\n) half the sum of positive roots p 
may be shown to be zero. 

2.3. The classical hamiltonian reduction 

Let us consider the hamiltonian reduction of the affine Lie superalgebras g = 
A{n\n — l)*^^-* and A{n\n)^-^\ On the dual space g* of g one may introduce the 
hamiltonian structure which is generated by the coadjoint action or the gauge trans- 
formation: 

6aJ{z) = [A{z), J{z)]+dA{z). (8) 

Let Ja{z) {a G A) and H'^{z) {i = 1, . . . ,r) be the currents in the canonical basis. 
We consider the constraint space Ai in g*: 

Ja,+a,+i{z) = 1, Ja, + -+a,{z) = 0, for \i - j\ > 1. (9) 

In the present case we treat a dynamical system with second class constraints^^ since 
the fermionic currents Jq- must satisfy Jai{z)Jai_^_J^{w) ~ l/{z — w). By introducing 
auxiliary fermionic fields one can convert these second class constraints into first class 
constraints^^. In this extended phase space, one may use the ordinary gauge fixing 
procedure. The first class constrains generate the gauge symmetries in the extended 
phase space. One finds that these gauge symmetries are generated by the subalgebra 
n_, the affine extension of the nilpotent subalgebra n_ generated by the negative 
roots. The hamiltonian structure on the reduced phase space A1/n_ is introduced 
by projecting the original gauge symmetries onto the reduced phase space^^. This 
method is also known as Polyakov's soldering procedure^^. One may take the Drinfeld- 
Sokolov type gauge for A{n\n — lY^^: 

71+1 n 

JdS\Z) = 2^ Un+2-i\z) En+l^i + 2^ Vn+l-i\z)E2n+l,n+l+i 
i=l i=l 

n 

+ E(G'n+l-.(^)^„+l,n+l+^ + G'„+i_,(z)E2„+2,.) + A^^"'""!) (10) 



i=\ 



where 



n-\ 



A ^"'" = 2_,-E'i,i+l + Z-j En+l+i,n+2+i (11) 

i=l 1=1 

and Vi = Ui. For A{n\n)'^'^\ we can choose a similar type of gauge fixing. It is 
obtained simply by replacing A"^*^"'""^^ by 

n n 

A ^"'"^ = 2_,-Kj,i+l + /, En+l+i,n+2+i- (12) 



3. The classical N = 2 Super 14^3 Algebra 

In this section we shall give a non-trivial example of the N = 2 super W^-algebra 
from the classical hamiltonian reduction of the affine Lie superalgebra A(2|l)*^^^. Let 



us take the Drinfeld-Sokolov gauge 



Jds{z) 



The gauge transformation (Wj has the gauge parameter 
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Usiz) 


U2{Z) 


Uiiz) 


G2iz) 


G,iz) 
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I G2iz) 


Gi(z) 





V2iz) 


Uiiz) ) 



(13) 



A(^) 



/ Xu{z) Xi2{z) Xi3{z) 
X2l{z) X22{z) X23{z) 
X3l{z) X32{z) X33{z) 


^11{Z) ^12iz) \ 
^2liz) ^22iz) 
^3l{z) ^32{Z) 


Vii{z) r]u{z) rji3{z) 
\ miiz) ri22{z) ri23{z) 


yn{z) yi2{z) 
y2iiz) 1/22(2;) ) 



(14) 



where the diagonal elements are parametrized as xu = ei + 2e, X22 = £^2 — ^i + 2£:, 
a;33 = — £2 + 2^ and yu = e3 + 3e and 1/22 = — ^s + Se. By imposing the conditions that 
the gauge transformations preserve the Drinfeld-Sokolov gauge ([T3|), one can reduce 
the number of independent gauge parameters and find that all gauge parameters are 
expressed in terms of xi = X13, X23, yu, £, Vi = Vn, V2 = ^723, 6 = 62 and ^2 = 62- 

Note that we may regard the bosonic part of this system as the coupled one of 
gl{3) and gl{2) W algebras which share the same u{l) current Ui. But if one requires 
the N = 2 superconformal symmetry which is generated by ^2 and 772, one finds that 
the N = 2 supermultiplet of the m(1) current Ui is {Ui,Gi,Gi,U2 — V2). Hence 
T = U2 — V2 becomes the energy-momentum tensor, and V2 turns out to be a spin 
two field. Corresponding to this change of physical variables, we redefine the gauge 
parameters as a; = a;23 -I-2/12 and y = yi2 instead of X23 and yi2. One may add suitable 
differential polynomials of fields in order to get well defined primary fields. This can 
be done by replacing a gauge parameter e by 

e + -{Uix + 3dx - 3Uiy - 3dy + 2U2X1 - 2d(UiXi) - 2d^xi + SGir^i - 2Gi^i}. (15) 
6 

After this change of variables, one gets the gauge transformations on the reduced 

phase space of the form: 



6Xi — DijYj, 



(16) 



where X =* ([/i, T, V2, t/3, Gi, G2, Gi, G2), >^ =* {e,x,y,Xi,^i,^2,Vi,V2) and Pis a 8x 

V*-, where for a differential 



8 matrix valued differential operator which satisfies Vji 
operator Y.i(^i{z)d\ a formal adjoint * is defined as (J2iCi'i{z)d^)* = J2- 
Let us introduce the Poisson bracket structure by expressing 6\ as 



-dYtti 



5a 



f dz 

J M^"{ 
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2e 
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V2 


Uij 



/dz - - 

— (f/3Xi + Tx- yV2 - sUi + ^1^2 + 6Gi - V1G2 - V2G1). (17) 

From Eqs. (|16D and (p!7|), we get the Poisson bracket structure on the reduced phase 
space in the form of operator product expansions. First we write down the N = 2 
superconformal algebra: 

T( ^T( ^ T{z)+T{w) 6 U,{z) 



,z — wr [z — w]-^ [z — w] 



Gi{z)T{w) ~ , Gi{z)T{w) 



[z — wY ' {z — wY' 

Ui{z)U^{w) ~^ 



{z — w) 



Ui[z)Gi[w) ~ -, Ui[z)Gi{w) 



(z — w)' {z — w) 

„ , ,^ , , —6 Ui(w) Tiw) 

Gi{z)Gi{w) ~ -r+ . ^^ ' + ^ ' 



{z — wY {z — wY {z — w) 

Note that in this expression T{z) is the twisted N = 2 energy-momentum tensor. 
Second the N = 2 supermultiplet structures for (V2, G2, G2, f/3) are given by 



T(z)U3(w) 



{z — wY (z — wY (z — wY 

U3{z) + 2U3{w) 



{z — w) 



2 



r(.)G,(„) ^ ^gf') + g/(^'. T(.-)G.(.) -^'^■<'"> ■ «^(") + «=('=) 



[z — wY ' (z — wY (z — wY 



TT / \T^ / \ ~6 3Ui(w) 

Ui{z)V2iw) ~ - + 



{z — wY {z — wY^ 

TT ( \TT( \ -12 ^ 4[/,(^) 2(r + V2)H 

[z — wY [z — w)'^ [z — wY 

TT I \n ( \ 3Gi(w) G2{w) rr f ^r' f \ 2Gi(«;) -G'2(w;) 

t/i(2;)G2(w) ~ 7 r^ + 7 r, f/i(2;)G2(w) ' ' 



{z — w)^ (2; — w) ' (2; — wY [z — w) 

^ / NTA/ N Gi{w) G2{w) ^ , ,.rf \ -G2{w) 

Giiz)V2iw) ~ - — ^ + , ' , , G'i(2;)\/2(ti^) 



(2; — u;)^ (2; — u;) ' (z — ly) ' 
Gi(2:)(73(w) ~ , Gi{z)U3{w) r^ -- + 



{z — wY ' {z — wY {z — wY' 

r(Ar(.n\ -12 , -^Ui{z) 2V2{Z) , -f/3H 



(2; — ti')'^ (2; — wY {z — wY (z — w)' 

r(Ar(.n\ 6 -2[/iH v-,(^,) + v-,(^) + TH -[/3H 

Gi(2;)G2(w) ~ 7 M + 7 vT"^ ? V2 ^7 7' ^^^> 

[z — wY [z — wY [z — wY [z — w) 



Finally the remaining nontrivial operator product expansions take the forms: 

V2{Z)V2{W) ~ r- + -^ + -^ + r , 

[z — wp [z — w)-^ [z — w)^ [z — w) 

UZ[Z)V2[W) r^ — + 



4 
U^{z)U^{w)^ 



{z — w)^ {z — w)* {z — w)^ 

~Ui{w)U2{z) + Gi{w)Gi{z) [G2G1 - GiG2]{w) 



{z — wy {z — w) 

2[U,{z)-Us{w)] 



(z — w)^ 



G2iz)V2{w). 



^ ~U3{w)Ui{z) - Uiiw)U3iz) + G2iw)Giiz) - Giiw)G2iz) 

{z — wy 

2[Giiz) - Gijw)] 
{z — wY 
, -G2H - G^{w)Ui{z) - U^{w)Gi{z) , [G^V2 - G2U^]{w) 



G2{z)V2{w) 



{z — wY {z — w) 

4Gi{z) -2Ui{w)Gi{z) - G2{z) [U1G2 - V2Gi]{w) 



{z — wy {z — wY {z — w) 



^,,jj,. 2[G2{z) - G2{w)] U^{w)G2{z) + G2{w)U^{z) , [^3^1 - TGJH 

G2[z)U:i[w) ~ + ., 

[z — w)'^ [z — wy [z — w) 

6[Gi{z) - Gi{w)] -2G2{w) - 2Gi{w)Ui{z) - 2Ui{w)Gi{z) 

{z — w)'^ {z — w)^ 

, -G2{w)Ui{z) - Gi{w)T{z) - U2{w)Gi{z) -[G2T + Gif/gJH 



GoizW.iw) 



(z — wy (z — w) 

r ( ^r ( \ -24 , Q[U,{w) - U,{z)] , 2[U,{w)U,{z) + V2{z) +nw)] 

G2{Z)G2{W) ~ 7 — H 1 -5 

U3{w)+T{w)Ui{z)-Ui{w)V2{z)+Gi{w)Gi{z) , [UsUi - V2T]{w) 



{z — wy {z — w) 

r ( ^r ( \ ['^G,dG, + 2G2G,]{w) ^ , .^ , . 2G^G2{w) 

G2{z}G2{w)r^ 7 ^ , G2{z}G2{w) r^ — — . (20) 

[z — w) [z — w) 

The present Poisson bracket structure is the same as that obtained from the super 
Gel'fand-Dickii algebra^'^'^ but different from the results in ref. 8 due to the different 
choice of the gauges. 

4. The quantum hamiltonian reduction and N = 2 CPn coset models 

So far we have discussed the classical hamiltonian reduction. In the quantum 
case, we use the BRST gauge fixing procedure by introducing ghost systems for the 
constraints^'^. In order to impose the constraints at the quantum level, we must 



improve the energy-momentum tensor Twznw of the Wess-Zumino-Novikov-Witten 
model corresponding to the affine Lie superalgebra g by the Cartan currents H'^{z), 

Timproved{z) = TwZNw{z) + /i " dH{z). (21) 

After this improvement, the conformal dimensions of the currents Ja{z) become 1 — 
(ji ■ a. 

First we discuss the A{n\n — lY^' case. The improvement vector /i = ^A{n\n-i) is 
defined by the conditions: 

fti ■ /iA(n|n-i) = -, i = l,...,2n. (22) 

After this improvement, the conformal dimensions of the currents for the odd simple 
roots Jon {z) becomes | and zero for the the currents for the simple roots ctj + ctj+i of 
the even subalgebras. Hence we may introduce the "diagonal" gauge: 

n 

JMa,{z) = d^{z) ■ H + 5](a2.~l ■ X(^)^a..-i + Ol2^ " X(^)^a.J + A^^'^l""^), (23) 

i=l 

where x^{z) (^ = 1, • • • , 2n) are 2n real fermions, satisfying x*(-2)X"'('^) ~ ^ij/{z — w). 
The improvement vector /iA(n|n-i) is uniquely determined by (|2^) and is expressed as 

in -| 2n 

/^A(n|n-1) = 7:Yli('^ + ^~ 0"2i-l + ia2i\ = T^^K (24) 

where Aj are fundamental weights oi A{n\n — 1) satisfying Aj ■ aj = Sif 

A2i = "l + "3 H \- OL2i-l, \2i-l = OL2i + a2i+2 H h a2n, (25) 

for i = !,...,■«.. By using the Wakimoto realization of afiine Lie superalgebras, 
one finds that the total energy-momentum tensor Ttotai = Timproved + Tg^osts + T^ is 
BRST-equivalent to that of the N = 2 CPn coset model^'^: 

Ttotaliz) = TcP„{z) + {Qbrst, *}, (26) 

where T^ = — | I]^=i X*^X* a-^id 

rcp„(^) = -2(^^)^ - ia+/iA(n|n-i) ■ ^V + T^- (27) 

The remaining N = 2 generators are expressed as 

n 

Ui (z) = XI -^2* ■ X"2i ■ X + i"+'^ ■ dip, 

i=\ 
n 

G\{z) = X!(i«2j ■ dipX2j ■ X - «+A2j ■ 5x), 



n 

Gi{z) = X!(i"2i-i ■^V'Asj^i ■x-"+A2i-i -^x), (2^ 



where v = J2i=ii^2i — ^2i-i)- The other W currents can be obtained by the quantum 



Miura transformation, which connects the diagonal gauge (|23|) with the Drinfeld- 
Sokolov gauge (plQl). The free field representation of the N = 2 CPn models has been 
studied in ref. 6 in detail. 

Now we proceed to the afiine Lie superalgebra A{n\nY^' . In this case one cannot 
impose the spin | constraints (^) for the simple roots «» (i = 1, . . . , 2n + 1) due to 
the relation (0). Instead we should require the conditions: 

a2j-i -yu = 0, (i = l,...,n + 1), a2j ■ /i = 1, (j = 1, • • • ,n), (29) 

that are consistent with (|^. This means that the conformal weights are 1 for Jaji-i 
but for Jq,2- after the improvement. The vector /x is determined uniquely up to 

n+l 

/U = AtA(n|n) = ^{n + l- i)a2i-i. (30) 

The diagonal gauge for A{n\nY'^'> is 

n+l n 

Jdrag{z) = d^{z) " if + E V2i-liz)E^,^_, + Y. ^^.{z) E ^,^ + A^^"'"), (31) 

i=l j=l 

where 7721-1 = r]2i - r]2i-2 iV2n+2 = Vo = 0) and {■r]2i,^2i) are fermionic ghosts with 
conformal weight (1, 0). The energy-momentum tensor of the reduced theory becomes 

1 '^ 

TcPniz) = --{dipf - ia+iiA{n\n) -d^ip-Y^ V2id^2i, (32) 

^ i=i 

which is equal to Tcp„ + ^dUi. This is nothing but the energy-momentum tensor of 
the twisted^^ N = 2 CPn model. Hence the conformal field theory corresponding to 
the afiine Lie superalgebra A{n\nY^^ should be regarded as a topological conformal 
field theory rather than an A^ = 2 super conformal field theory. This implies that the 
A{n\n) Toda field theory has the twisted N = 2 super Pi^-algebra symmetry instead of 
the N = 2 superconformal symmetry. Recently Evans and HoUowood^" also pointed 
out that the A{n\n) Toda field theory does not have N = 2 superconformal symmetry. 
In this sense the A(n\nY^'> affine Toda field theory can be also regarded as a 
topological field theory rather than an A^ = 2 theory. It is a quite interesting problem 
to study this afiine Toda field theory as a topological field theory since this model 
gives a different class of topological solvable models which are not classified by the 
N = 2 Landau-Ginzburg type models. 

Acknowledgements 

The author would like to thank Jens Lyng Petersen for helpful comments. This 
work was supported in part by EEC contract SCI 394 EDB. 

References 



1. A.B. Zamolodchikov, Theor. Math. Phys. 63 (1985) 1205. 

2. For review, see P. Bouwknegt and K. Schoutens, preprint CERN-TH. 6538/92, 
ITP-SB-92-23 July 1992 and references therein. 

3. M. Bershadsky and H. Ooguri, Commun. Math. Phys. 126 (1989) 719, 

J. Balog, L. Feher, L. O'Raifeartaigh, P. Forgacs and A. Wipf, Ann. Phys. 203 

(1990) 76. 

4. J. Evans and T. Hollowood, Nud. Phys. B352 (1991) 723; 

S. Komata, K. Mohri and H. Nohara, Nud. Phys. B359 (1991) 168; 

F. Delduc, E. Ragoucy and P. Sorba, Commun. Math. Phys. 146 (1992) 403; 

L.A. Ferreira, J.F. Gomes, R.M. Ricotta and A.H. Zimmerman, preprint IFT- 

P-45/91; 

K. Ito, J.O. Madsen and J.L. Petersen, NBI preprint NBI-HE-92-42, to be 

published in Nucl. Phys. B. 

5. K. Ito, Phys. Lett. B259 (1991) 73. 

6. K. Ito, Nud. Phys. B370 (1992) 123. 

7. D. Nemeschansky and S. Yankielowicz, preprint USC-91/005. 

8. H. Lu, C.N. Pope, L.J. Romans, X. Shen and X.-J. Wang, Phys. Lett. B264 

(1991) 91. 

9. T. Inami and H. Kanno, J. Phys. A 25 (1992) 3729; in Infinite Analysis, eds. 
A. Tsuchiya, T. Eguchi and M. Jimbo (World Scientific, Singapore, 1992). 

10. J.M. Figueroa-O'Farrill and E. Ramos, Nud. Phys. B368 (1992) 361; 
K. Hiutu and D. Nemeschansky, Mod. Phys. Lett. A 6 (1991) 3179. 

11. L.J. Romans, Nud. Phys. B369 (1991) 403. 

12. Y. Kazama and H. Suzuki, Nud. Phys. B321 (1989) 232. 

13. V.G. Kac, Adv. Math. 26 (1977) 8. 

14. B. DeWitt, Supermanif olds {Camhiidge Univ. Press, Cambridge, 1984), p. 185. 

15. M. Bershadsky and H. Ooguri, Phys. Lett. B229 (1989) 374. 

16. LA. Batahn and E.S. Fradkin, Phys. Lett. B180 (1986) 157. 

17. V.G. Drinfeld and V.V. Sokolov, Sov. J. Math 30 (1985) 1975. 

18. A.M. Polyakov, Int. J. Mod. Phys. A5 (1990) 833. 

19. T. Eguchi and S.-K. Yang, Mod. Phys. Lett. A5 (1990) 1693. 

20. J. Evans and T. Hollowood, Oxford preprint OUTP-92-12P. 



